A one-dimensional BK dynamical lattice model (Burridge and Knopoff, 1967 ) is applied to simulate earthquakes for the study of the scaling relation between frequency and rupture length of earthquakes. Velocity-dependent friction controls the motion of mass elements. The distribution of the breaking strengths (i.e., static friction) is considered to be a fractal function. Simulation results show that the fractal dimension of the distribution of the breaking strengths is a minor factor in affecting the scaling of frequency versus rupture length. A fast velocity-weakening process from static friction to dynamic friction and a slow velocity-hardening one from dynamic friction to static friction are appropriate for interpreting the scaling of the frequency-rupture length (FL) relation. The frictional drop rather than the level of the breaking strength affects the FL scaling. Hence, the friction drop ratio (g) which determines the minimum value of the dynamic frictional force, is an important factor in influencing the FL relation. Smaller g (which a large friction drop) leads to a smaller scaling exponent value in the regime of localized events than larger g (with a smaller friction drop). The stiffness ratio, which is defined as the ratio of the stiffness of the coil spring to that of the leaf spring of the model, is also a significant parameter affecting the FL distribution. Nevertheless, simulation results show that small s is unable to produce a power-law FL relation.
1.
Introduction Gutenberg and Richter (1944) Aviles et al. (1987) and Okubo and Aki (1987) stressed fractal characterization of the faults. Cowie et al. (1993) , Gudmundsson (1987) , Henderson et al. (1994) , Marrett (1994) , Marrett and Allmendinger (1991) , Sahimi et al. (1993) (Carlson and Langer, 1989; Carlson et al., 1991; Knopoff et al., 1992; de Sousa Vieira et al., 1993; Wang, 1994 Wang, , 1995a Wang, , 1996 Xu and Knopoff, 1994) , the source rupture duration (Carlson et al., 1991; Wang, 1993) , the relation between rupture length and earthquake moment (Carlson et al., 1991; Wang 1995b ), seismicity patterns (Shaw et al., 1992; Pepke et al., 1994) , and the scaling of source spectra (Shaw, 1993) . In addition, a simplified form of the 1-D BK model and its two-dimensional (2-D) extension were also used for seismicity simulations based on the cellular automaton concept (cf. Ito, 1992) . 
It is noted that the spacing between two mass elements is not an explicit parameter in Eq.
(1). K and L are two important parameters representing the coupling between two mass elements and that between a mass element and the moving plate, respectively. The ratio of K to L is a significant factor in controlling the seismicity pattern and frequency-magnitude relation (Carlson and Langer, 1989; Carlson et al. 1991; Wang, 1994 Wang, , 1995a ). This ratio is called the stiffness ratio and denoted by s by Wang and 12 by Carlson and her co-authors. A detailed study of the effect on the frequency-magnitude relation due to the stiffness ratio can see Wang (1995a) . When the sum of the driving force on a certain mass element from the moving plate and the spring forces exerted from its neighbors exceeds its breaking strength, the mass element is accelerated and starts to slide. After a while, the mass element decelerates because of either an increase in the spring forces due to the change of relative positions of it and its neighbors or the rise of the dynamic frictional force when the sliding velocity is greater than the critical velocity (vc) as described below. Finally, the mass element stops. The driving force from the moving plate, which loads the system continuously, increases the force on the mass element, thus pushing it to slide again. In this study, a periodic boundary condition is specified at the two ends of the system for solving Eq. (1).
Friction is a very complicated physical process and has been studied based on theoretical and experimental approaches for a long time. Burridge and Knopoff (1967) first suggested a velocity-dependent friction law, including a weakening process at low velocities and a hardening one at high velocities. Ruina (1983) proposed a rate-and state-dependent function to describe friction. From laboratory experiments, Shimamoto (1986) reported a very interesting velocity-dependent friction law. A complete description was reported by Blanpied et al. (1987) . The matter whether velocity-dependent friction is velocity-weakening or velocity-hardening depends upon the decrease or increase in the dynamic frictional force when the sliding velocity is increased. The rate-and state-dependent friction law is quite complex. For simplifying numerical computations based on the BK model, Wang and Knopoff (1991) directly from the number of connected mass elements. From Fig. 4 , three kinds of events, small ones with l<l1=4 length units (log(l1) = 0.6), intermediate ones with l in the range from l1=4 length units to l2 and large ones with l>l2, can be delineated. result in a power-law scaling relation of frequency versus rupture length.
